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Abstract We describe the natural history and reproductive behaviour of the Emei Moustache Toad (Leptobrachium 
boringii) with an emphasis on the development of keratinized nuptial spines in males and document combat behaviour 
for the first time in this species. Between February and March of 2011, 19 female and 43 male L. boringii from Mount 
Emei UNESCO World Heritage Site, Sichuan, China were observed throughout the breeding season. This species 
exhibits male-biased sexual size dimorphism (SSD) with limited evidence of paternal care (nest guarding by males). 
Prior to the breeding season males grow 10 — 16 keratinized spines on their upper lip, which fall off once the season 
has ended. Throughout the breeding season males construct and defend aquatic nests where they produce advertisement 
calls to attract females. During this time we documented 14 cases involving a total of 22 males where males used their 
moustaches for aggressive interaction. Combat typically occurred at the beginning of the season when males would 
compete for a limited number of available nest sites. Neither male body size, nor body condition significantly affects 
the outcome of an aggressive interaction, suggesting that size may not be the only factor influencing an individual’s 
chance of victory. Our evidence for male competition and aggression, along with observed paternal care are potential 


mechanisms to explain the evolution of male-biased SSD observed in this species. 


Keywords 


1. Introduction 


The growth of weapons such as tusks, horns, antlers, 
spines or spurs is widespread among animal taxa and 
can occur in both sexes (Andersson, 1994). Horns are 
common in beetles, reptiles and some mammals, antlers 
in ungulates, tusks or spines can be found in amphibians 
and various mammals, and spurs in arthropods and birds 
(Andersson, 1994). Though females may develop these 
structures, the most elaborate and striking features occur 
in males. Clutton-Brock (1982) hypothesized that the 
main functions of antlers in male ungulates include: 
(1) weapons against predators; (2) weapons against 
conspecific males; (3) indicators of male strength and 
fighting ability (evaluated by other males); and (4) 
indicators of sexual vigour and quality (evaluated by 
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females). These hypotheses are not mutually exclusive 
and can be extended to other taxa that possess sexually 
dimorphic weaponry. 

The hypothesis that male weapons serve a function in 
combat against other males is well supported (Darwin, 
1871; Geist, 1966), and has been demonstrated in field 
studies involving deer (Clutton-Brock et al., 1979), 
beetles (Eberhard, 1979, 1980), marine mammals 
(Silverman and Dunbar, 1980), birds (Davidson, 1985), 
frogs (Tsuji and Matsui, 2002), and many other studies 
of diverse taxa. Males of many species that participate 
in combat have thick skin covering areas which are 
vulnerable to attack (Jarman, 1989). In anurans, 
physical combat between males is supposed to be a rare 
phenomenon, occurring in roughly 5% of species (Shine, 
1979). Male combat typically takes place in the form of 
wrestling, where males will attempt to mount each other 
to express their dominance (see Wells, 2007 for the most 
comprehensive list to date, of species which engage in 
physical combat). These contests often take place over 
breeding territory, which can be limited but crucial for 
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attracting females. In a few anuran species, males have 
evolved secondary sexual characters which are used 
as weapons during physical contests with other males 
(Balinsky and Balinsky, 1954; Lutz, 1960; McDiarmid 
and Adler, 1974; Duellman and Savitzky, 1976; Kluge, 
1981; Katsikaros and Shine, 1997, Tsuji and Matsui, 
2002). 

In his analysis of sexual dimorphism in anurans, Shine 
(1979) examined species exhibiting male-biased SSD 
for evidence of male combat. The result was that anuran 
families that include species exhibiting male-biased 
SSD did demonstrate aggressive behaviour, perform 
male combat, and frequently possessed morphological 
adaptations (i. e., tusks or spines). This provides 
compelling evidence that anuran families in which the 
males develop these morphological adaptations often 
include species that exhibit male-biased SSD. Despite this 
positive correlation, there have been few observations of 
species using their secondary sexual structures for combat 
(but see Katsikaros and Shine, 1997; Tsuji and Matsui, 
2002). 

The Emei Moustache Toad (Leptobrachium boringii, 
formerly Vibrissaphora boringiae; Zheng et al., 2008) 
represents an excellent model organism for studying the 
relationship between male weapon development and the 
evolution of male-biased SSD in anurans. L. boringii 
occurs in western China and exhibits male-biased SSD, 
enlarged forearms and keratinized nuptial spines that grow 
on the upper lip of males during the breeding season. Each 
male can grow between 10-16 sharp, conical black spines, 
which re-grow if broken during this time. The spines 
are 3-5 mm in length, and are oriented away from the 
snout. In early spring, L. boringii males enter streams and 
construct nests under flat rocks in small pools, from which 
they vocalize under water to attract females. The male 
hollows out a space underneath the nest rock to provide 
room for the pair during amplexus, and for attachment 
of egg masses to the underside of the rock. Males remain 
underwater for the entirety of the season, their forearms 
become much thicker, and their skin thickens, becomes 
folded and increases in surface area on the dorsum, flanks, 
and thighs (Zheng et al., 2010). During reproduction, 
the pair engages in inguinal amplexus and rotate counter 
clockwise, while the male uses its right foot to secure 
the egg mass to the roof of its nest (Zheng and Fu, 
2007). The result is a doughnut-shaped egg mass which 
remains on the roof of the nest until tadpoles hatch. This 
feature makes the identification of multiple egg clutches 
within one nest rather simple. The highest number of 
egg masses located in a single nest was ten (Zheng et 
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al., 2010). Because the egg masses rarely overlap, the 
number of females visiting one nest can be determined. 
Each clutch contains 250 to 346 eggs, and tadpoles begin 
to hatch in late March (Ye et al., 1993). Tadpoles of L. 
boringii remain in the stream for up to three years before 
metamorphosis and their head-to-tail length may exceed 
100 mm (Liu and Hu, 1961). 

Both male combat and paternal care have been 
suggested as evolutionary processes which resulted in 
male-biased SSD in this species, though neither has been 
confirmed (Ho et al., 1999; Ohler et al., 2004; Zheng et 
al., 2008). Combat was expected to occur prior to the 
breeding season, in which males would compete for a 
limited number of appropriate nest sites. Following an 
initial reproductive event, a male will continue to call in 
an attempt to attract and mate with additional females 
(Zheng et al., 2010). Thus, the nest guarding in this 
species may not be evidence of paternal care, but rather an 
attempt to secure further mates. However, there is likely 
some aspect of paternal care as the majority of breeding 
occurs over a short period of time, while the males 
typically remain in the streams for much longer period of 
time. 


2. Materials and Methods 


Research was conducted at Mount Emei UNESCO World 
Heritage Site, Sichuan, China (N 29 34’, E 103 25’; 
elevation: 650-890 m) in the period between February 10" 
and March 18", 2011. The site is a shallow, rocky stream 
that is roughly 1-2 m wide and 1.5 km long. We chose 
to focus on a small section of this stream (300 m long) 
that contained a high density of males and nest sites. At 
this time of year the temperature is relatively low (mean 
air temperature: 8.5°C, mean water temperature: 10.6°C) 
and L. boringii was the only species of amphibian found 
breeding in this habitat at this time. However, adults and 
tadpoles of other amphibian species were observed, most 
notably Odorrana margaretae, which was occasionally 
found inside L. boringii nests. 

We attempted to locate all adults who attended the 
breeding site during this time period. Individuals were 
located visually, or by searching under rocks with 
the aid of Brainydeal® underwater sewer inspection 
cameras. Frogs were captured and then measured for 
seven morphological metrics [snout-vent length (SVL), 
mass, radio-ulnar length, femur length, tibiofibula length, 
foot length and head width], as well as scored for the 
presence of eggs in females and the number of keratinized 
nuptial spines in males. The measurements were done 
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using digital callipers and a set of Pesola® scales from 
20 g to 100 g, and performed by the same individual for 
consistency. Each L. boringii specimen was implanted 
with a subcutaneous Allflex® 12 mm x 2.15 mm FDX-B 
134.2 kHz passive integrated transponder (PIT tag) so 
they could be identified in the event of recapture. PIT tags 
were scanned using an Agrident® AWR100 stick reader or 
Biomark® 601 waterproof handheld readers. Individuals 
bearing signs of combat (broken nuptial spines, bruises 
or open wounds) were photographed and included in our 
count of the number of males participating in combat. 

Occupied nest sites were observed daily in order 
to identify the presence of freshly laid eggs or males 
guarding the nest. Males within each nest were captured 
every 2-3 days and scanned to confirm their identity. If 
male combat occurred, it typically took place within the 
vicinity of an occupied nest. When combat was observed, 
videos were taking using underwater sewer inspection 
cameras, or with a Canon PowerShot A590 IS digital 
camera from above the water. Videos were taken for 
the duration of the aggressive interaction, or until the 
individuals were disturbed by our presence. Combat 
was considered to be completed when the two males 
disengaged and swam in opposite directions. In most cases 
one male would remain in the nest site. We considered 
this male had achieved victory if it was located within the 
same nest on the following nights. When possible, both 
males were captured and identified following combat. 

Using the male body size data we conducted a principal 
components analysis on the seven morphological 
metrics for all individuals. This was done to condense 
all metrics into one measure of relative body size for 
each individual, which could be used for comparison to 
others in the population. Males who had participated in 
combat were grouped into categories of “winners” and 
“losers”, and a paired t-test was conducted to determine if 
absolute body size had any bearing on the outcome of an 
aggressive interaction. Using the same groups of paired 
males, a linear regression of mass vs. snout-vent length 
was performed, and the residuals of the regression were 
used to represent the body condition. A paired t-test of the 
residuals was conducted to test for the influence of body 
condition on male combat. All statistical analyses were 
conducted using R version 2.12.2. 


3. Results 


Males in this species are highly dimorphic in body size, 
growing roughly 50% larger than females in body mass, 
and 20% longer (Male mean SVL = 78.9 mm, n = 43, 


mean mass = 51.7 g, n = 43; Female mean SVL = 64.8 
mm, n = 19, mean mass = 24.1 g, n = 5, mean gravid 
mass = 31.3 g, n= 14). We directly observed seven cases 
of male combat and recorded five of these on video. Of 
these seven cases, two involved three males fighting in a 
group over one nest site, while the other five interactions 
involved only two males. From our identification data 
however, we determined that 22 males were involved 
in aggressive interactions and territory takeovers in 
the study area, with a total of 14 combat events. This 
was determined if a male was recaptured in another 
individual’s nest, or if a male was found displaced from 
their original nest. Some individuals were observed 
fighting on multiple occasions and found within several 
different nests throughout the breeding season. As 
expected, the majority of fighting took place during the 
beginning of the breeding season, and ceased once female 
attendance to the site had ended. Frequently males were 
found possessing wounds which were interpreted as the 
result of combat with conspecifics (Figure 1). From both 
direct observation and tracking data, we were able to 
determine the winner in 13 of the aggressive interactions. 
Throughout the breeding season many tadpoles from 
previous years were present, and could often be observed 
taking refuge within the nests of adult males. Males did 
not appear to act aggressively towards tadpoles, or even 
other frog species such as O. margaretae, which were 
occasionally found within their nests. 


3.1 Description of combat Combat typically took place 
when a calling male within a nest was approached by a 
male who did not hold a territory. In some cases these 
males had been previously evicted from their nests as a 
result of losing a fight, while others were new arrivals 
to the site and presumably were attempting to secure a 
territory. Males would engage in combat while facing 
each other, and attempt to grapple their opponent with 
their forearms while using their moustache to stab the 
ventral surface (Figure 2). Occasionally males were 
observed vocalizing during combat, but no obvious 
distinction between the advertisement calls and the calls 
during combat could be made. The nest occupant would 
attempt to drive intruders away by pushing them out of 
the nest, while the intruder would attempt to remove the 
resident by rotating the pair to gain position (Figure 3). 
If one male successfully grappled its opponent around 
the waist, it would repeatedly stab with its spines and 
attempt to drive the other male into the stream bottom 
(Online Supplementary Material I). When a male was 
in this position it was unable to retaliate and would 
occasionally suffer physical harm (e. g., puncture wounds, 
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Figure 1 Physical injuries caused by combat between males. A: The 
3" spine from the left broken off during an aggressive interaction; 
B: Puncture wound from nuptial spines; C: Bruising on the forearms 
from grappling. 


cuts, bruises). Combat typically occurred in short bouts, 
lasting only 2-5 minutes. However, one pair was observed 
fighting at 9:00 pm and then again in the same location 
at 11:30 pm, so it is possible that repeated combats may 
occur over many hours. After losing a contest over a nest 
site, males were not seen to return to the same site, but 


Figure 2 Two males engaging in combat over a nest site (rock in 
the top right of the photo). 


they were observed to attempt to take over other nests 
nearby on subsequent nights. 


3.2 Statistical analyses The principal components 
analysis for all males (n = 43) produced an accurate proxy 
for male body size as all axes loaded in the same direction, 
and the first two principal components explained 72% of 
the variation within the model (Table 1). A paired t-test 
comparing relative body size of winners to losers from the 
first principal component scores yielded a non-significant 
result (t = -0.1738, df =12, P = 0.865) (Figure 4). 
Similarly, a paired t-test comparing the body conditions 
of winners to losers was non-significant (t = -0.0874, df = 
12, P=0.9318) (Figure 5). 


4. Discussion 


From our observations it is clear that one of the primary 
functions of the nuptial spines in L. boringii is as a 
weapon to be used in combat between males. This is 
further supported as the nuptial spines are only present 
during the breeding season, and therefore have no function 
in defence against predators or in foraging throughout 
the year. Apart from combat, males were not observed to 
use their moustaches for any other behaviours. However, 
this does not exclude the possibility that it may have 
other functions. In some cases the nuptial spines of males 
appeared dirty, which may indicate that they are used in 
digging during nest construction or cleaning of egg masses 
within the nest. Males were observed digging with their 
forearms on several occasions, so the first is unlikely. Egg 
masses in nests which have been abandoned by the male 
often become discoloured, covered in debris, and do not 
hatch. It is unclear, however, whether the abandonment 
occurs prior to the death of the eggs, or is a result of their 
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Figure 3 Intruder male attempting to rotate the resident out of 
position to enter the nest. 


failure to develop. 

It is also possible that the moustaches may have some 
function in attraction or stimulation of females. This is 
a topic which remains untested in L. boringii, yet it is 
likely that females rely more on acoustic signals than 
visual cues, as in most anuran species (Wells, 2007). As 
the oviposition site is highly important to the success of 
the clutch, females are more likely to evaluate a male’s 
attractiveness by the quality of his nest or his vocalizations 
rather than his nuptial spines. This is particularly relevant 
in a species with resource defence polygyny, where there 
are fewer appropriate nest sites than there are males 
(Andersson, 1994). Previously, Zheng and Fu (2007) 


reported the mating behaviours of L. boringii and noted 
that prior to engaging in amplexus the female would 
touch the male’s head. Similarly, during this field season 
a male was observed rubbing his chin back and forth on 
the female’s dorsum while producing vocalizations before 
the initiation of amplexus (personal observation). Both 
of these behaviours may involve some stimulation by the 
nuptial spines, though it remains uncertain. 


Losers Winners 


Figure 4 A boxplot comparing the absolute body size values of 
winners to losers, obtained from the first principal components axis 


Body condition 
> 
! 


Losers Winners 


Figure 5 A boxplot comparing the body condition of winners to 
losers, obtained by taking the residuals of a linear regression of 
mass over SVL. 


Table 1 Proportion of variance explained by each principal component in a PCA of male body size (n = 43). 


Component 1 2 3 4 a 6 7 
Standard deviation 2.0491314 0.9169511 0.8712879 0.64349581 0.5603805 0.50789305 0.46373497 
Proportion of variance 0.5998485 0.1201142 0.1084489 0.05915527 0.0448609 0.03685076 0.03072145 
Cumulative proportion 0.5998485 0.7199627 0.8284116 0.88756689 0.9324278 0.96927855 1 
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The results from our comparisons of males engaging in 
physical combat suggest that neither body size nor body 
condition have a significant influence on the outcome 
of an aggressive interaction. This result may simply be 
due to the small sample size in our study (n = 13 fights). 
Zheng et al. (2010) found a significant correlation 
between male body size and number of egg masses within 
the resident’s nest, suggesting that females are selecting 
larger males. This would imply that larger males should 
be able to hold better territories, and would therefore win 
more often in physical contests. Because of the high rate 
of turnover in nest occupancy observed, it is also possible 
that females are selecting the best oviposition sites, rather 
than the best males. 

We suggest three alternative mechanisms that may be 
occurring in L. boringii which can predict the outcome 
of contests between males. The first may be that males 
who arrive to the site early spend more energy calling, 
which is energetically expensive (Ryan, 1988) and have 
less energy to expend on combat with males who arrive 
later to the site. Support for this hypothesis comes from 
Zheng et al. (2010), who documented that males lose 
at least 7.3% of their total body mass throughout the 
breeding season. As well, males have not been observed 
foraging during the breeding season, and the stomach 
of a dissected male from this season was empty and 
reduced in size (personal observation), implying that 
he had not eaten for some time. The opposite may be 
occurring, in that the males with nests may experience 
a “resident effect” in that they will win in contests more 
often because they have more to lose, particularly if 
egg masses have already been laid in their nest. This 
phenomenon has been documented in a variety of 
territorial species (Holberton et al., 1990; Kemp and 
Wiklund, 2004; Moretz, 2003; Stamps and Krishnan, 
1994; Stuart-Fox and Johnston, 2005; Temeles, 1994). 
Finally an individual’s fighting ability may depend on 
previous encounters with other males. This is referred to 
as the “winner-loser effect” (Hsu et al., 2006; Mesterton- 
Gibbons and Dugatkin, 1995), and suggests that winning 
a fight will cause a male to win future fights due to his 
perceived fighting ability, and the reverse will occur 
when fights are lost. These three mechanisms have yet 
to be tested in L. boringii, and experimentation on male 
aggressive interactions is a future goal of this research 
group. 

As predicted by Shine’s (1979) review of sexual 
dimorphism in amphibians, L. boringii follows the trend 
in which species exhibiting male-biased SSD are more 
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likely to participate in combat. Though the male-biased 
SSD in L. boringii may have evolved as a result of the 
resource defence polygynous mating system which they 
exhibit, this is confounded by the fact that males appear 
to be performing some form of parental care. In species 
with external fertilisation such as fish and amphibians, 
if parental care exists, it is typically carried out by the 
male (Breder and Rosen, 1966). It has been suggested 
that male parental care will evolve in situations where 
there are an excess of males within a population, or the 
females have invested so much in the development of 
eggs that they will be unable to effectively care for them 
(Smith, 1977). Male parental care may also be related to 
the deposition of gametes in external fertilizers, in which 
females expel eggs first, thus they are able to desert 
before the male. In situations where the male will gain 
no fitness benefit to deserting (e. g., mating only occurs 
once during the breeding season, or over a short period 
of time) we would expect to see an increase in pre- 
copulatory investment, such as nest construction, as this 
would benefit the offspring and increase the fitness of the 
father (Smith, 1977). Thus, it remains a possibility that 
the male-biased SSD exhibited by L. boringii is a result 
of paternal care behaviour performed by males due to the 
aforementioned scenario, though likely both paternal care 
and male combat have had an influence. 

In summary, observations suggest that the nuptial 
spines which develop on the upper lip of males during 
the breeding season in L. boringii are primarily used in 
combat between conspecific males because of a limited 
number of appropriate nest sites. During combat males 
use their moustaches to strike at the vulnerable parts 
of their rivals, and aggressive interactions between 
males can result in physical injury. It is likely that other 
anuran species which develop keratinized secondary 
sexual structures on their head (particularly those within 
the genus Leptobrachium) participate in some form of 
combat as well, though this remains to be seen. Here we 
offer male combat as one explanation for the marked 
SSD observed between males and females of L. boringii. 
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